INTRODUCTION

D
r Juliet Rogers ( Fig. 1) , who died in 2001, aged 61, devoted her working life to the study of ancient human skeletons to aid our understanding of disease -the science of 'skeletal paleopathology' (1, 2) . She made many important contributions to rheumatology. Here we celebrate her work through a brief resume of some of the things her work has taught us about bone and joint disease.
DIAGNOSING BONE AND JOINT DISEASE IN ANCIENT SKELETONS
One of the most important contributions that Juliet Rogers made to our subject was to provide clear criteria for the diagnosis of bone and joint disease in skeletons. The field guide that she and Tony Waldron published in 1995 remains the definitive text on the subject (3). Based on their earlier work on inter-observer variations in coding osteoarthritis, the standards that Rogers and Waldron set out in this book now form the basis of national recommendations on the diagnosis of joint disease in dry bones (4) . If a skeleton from one of our ancestors is relatively well preserved, then it is possible for the pale- radiograph (5) . This increase in 'sensitivity' to skeletal pathology that comes with the ability to examine all aspects of all joints is what makes it such a powerful tool in our quest to understand these conditions. It is this unique perspective on rheumatology that excited and inspired Juliet Rogers, and she infected each of us, as well as many others, with the same enthusiasm. However, it must be recalled that the paleopathologist can only see bony changes. Other clinical and pathological features that are used in daily clinical or radiological practice such as hyaline cartilage width, soft tissue swelling and focal demineralisation cannot contribute to their assessment. It was the unique collaboration that Juliet Rogers achieved with rheumatology (PD) and radiology (IW, Fig. 2 ) that enabled both sides of the same coin to be understood and interpreted.
THE ANTIQUITY OF THE RHEUMATIC DISEASES
We now know that most rheumatic diseases are 'caused' by a complex mixture of genetic susceptibility and environmental factors. As we cannot influence our genes too easily, it is important to understand the environmental factors. If we knew when and where a disease first appeared, this could provide valuable clues as to what those environmental factors might be. Skeletal paleopathology can help us here, through what Juliet called 'two dimensional epidemiology' -linking the temporal 80 P. Dieppe et al. or historical perspective to the epidemiology of bone and joint disease (6) . There has been much debate about the antiquity of rheumatoid arthritis (RA), and whether or not environmental triggers to the disease include factors related to modern, urban life, such as air pollutants (7, 8) . RA is one of the more difficult diagnoses to be certain of in a skeleton, but several probable examples have been well documented in the literature, some of them from Rogers and colleagues (9) (10) (11) (Fig. 3) . However, the numbers of cases of RA seen in the older collections is surprisingly small, particularly as there are many more clear cases of gout and sero-negative spondarthritis. This has led us, and others, to speculate that severe RA is a relatively 'new' disease, perhaps linked to urban living (11, 12) . Alternatively it may be an 'epidemic' condition, that arose in the developed world some 2 or 300 years ago, and is now starting to disappear (8, 12, 13) . In contrast to RA, gout and some forms of seronegative spondylarthritis seem to have been prevalent in humans in many parts of the world for a very long time. Juliet also showed that Paget's disease is an ancient condition, finding obvious examples of the condition in several ancient skeletons (14) . This is important, because, as with the case of RA, there had been speculation that it might be associated with some infection or other environmental agent of relatively recent appearance, and be another passing 'epidemic'. The metacarpal bones and phalanges from a human skeleton, whose 'owner' may have had rheumatoid arthritis. Note the fact that many of the small bones are missing, making it harder to be sure of the pathology. Note also the erosions of the metacarpophalangeal joints. Close inspection showed that they were ante-mortum, as there was clear bone remodelling going on around them.
CHANGING PATTERNS OF RHEUMATIC DISEASE
Rheumatoid arthritis may be a relatively recent disease. But is this because it has changed in expression, or because of the development of a new condition? We do not know. It could be that urban life leads to a change in the phenotype of the disease rather than much change in its prevalence; mild RA may have been present in many of our ancestors, but if there were a paucity of erosive changes, then we would not find it through the examination of ancient skeletons. Skeletal paleopathology has taught us that some diseases do change over time. Osteoarthritis (OA) is a good example. In an important paper published in 1994, Rogers and Dieppe showed that the knee OA phenotype has changed, with the development of more tibiofemoral disease in recent centuries (15) . OA of the hip and of the patellofemoral compartment of the knee joint are both seen frequently in skeletons of all ages from many parts of the world, but tibiofemoral OA only becomes common in skeletons from more recent burial sites (Tab. I). There are several possible explanations for this change in disease expression, the most obvious of which is that the development of more obesity and uptake of sports such as skiing and football that often lead to destabilisation of the tibiofemoral joint, may be responsible.
THE INTER AND INTRA-JOINT DISTRIBUTION OF ARTHRITIS
If one has access to a fairly complete skeleton (i.e. most of the bones of the same individual have been preserved in the burial site), then it is possible to examine the distribution of arthritis within and between joints. Juliet Rogers, in conjunction with Lee Shepstone and others, put a lot of time into such analyses in order to try to understand patterns of distribution better, with an emphasis on OA. They made many important discoveries. One of the most interesting findings, that has been presented at meetings and mentioned in a recent book chapter, but remains to be fully documented, is that OA of the elbow is a common finding in ancient skeletons. We rarely see elbow OA in our patients today. Is this because people do not have it, or because they do not complain about it? We favour the hypothesis that elbow OA is, and always has been, common, but that it rarely causes symptoms. If this were true, then we should perhaps turn our attention to the elbow joint in the search for improved understanding of pain generation in OA (16) . By having the opportunity to consider many joints of the body simultaneously, it is possible to consider the relationship between different joint sites. In a paper in which over 500 fairly complete skeletons were used for analysis (17) , it was shown that OA in the lower limb (hip or knee) is associated with OA in the upper limb (hand, wrist, elbow and shoulder). This finding, together with elbow observation, lead the authors to postulate that the traditional conception of generalised OA (involving hands, hips and knees) should be considered as symptomatic generalised OA, distinct from pathological generalised OA, which is not discernable in clinical studies. Additional work has considered not only the pattern of OA involvement between joints but also patterns within joints. Considering osteophytes within the knee (18) it has been shown that a likely site of early osteophyte formation is within the intercondylar notch of the femur. It has also been shown that the shape of intercondylar notch varies between individuals with and without signs of OA (19) . Whether this is due to bony remodelling in consequence of the OA process or preceeds the (22) . Skeletal paleopathology of the sort practiced by Juliet Rogers has the potential to sort these issues out for us.
THE ASSOCIATION OF DIFFERENT TYPES OF PATHOLOGY WITHIN THE SAME SKELETON
The ability of the paleopathologist to look at all aspects of the whole skeleton means that they have a major advantage over the clinician or radiologist when it comes to associating different types of pathology in the same skeletons. Diffuse idiopathic skeletal hyperostosis (DISH) is a not uncommon finding in ancients skeletons, particularly in people of higher socioeconomic status -for example, in local burial sites Juliet Rogers described a higher prevalence of DISH among individuals buried in church and chapel locations than among individuals buried in lay cemeteries (23, 34) (Fig. 4 and 5) . In 1997 Rogers et al published a paper showing that the enthesophytes associated with DISH are associated with osteophyte formation (25) . In this paper, the term 'bone former' was first used to define an individual, based upon the degree of osteophyte and enthesophyte formation, with a generalised propensity to form bone. The authors of this article went on to hypothesise that OA is a systemic disorder characterised by abnormal bone formation in response to stress on the bones and joints (17) .
Another observation made by Juliet concerns a sample of Chumash Indian skeletons (1600 -1800 AD) that she examined whilst undertaking a study on the frequency and distribution of hip and knee OA in American skeletal populations. Despite being predominantly young, these individuals had a high prevalence of knee OA with lesions primarily located on the posterior parts of the condyles. Osteochondritis dissecans was also frequent among this group and similarly located. Habitual hyperflexion of the knees whilst kneeling or squatting was suggested as a possible explanation for the unusual location of these lesions (26) Careful examination of the skeleton led to the recognition of other pathological features in association with OA, such as ridges, grooves and pitting on the articular surfaces. Grooving, the subject of one of Juliet's papers (27) is a phenomenon that is well known to the orthopaedic surgeons, who open up joints and see it in front of them, but is less well known to the rheumatologist or radiologist, neither of whom can see the phenomenon (Fig. 6) . Similarly, the pitting of the articular surface is a phenomenon barely discussed in the literature but a paper at a recent rheumatology meeting suggested that pitting is a common, though probably late occurring feature of OA (28) . The other basic features of OA, osteophyte and sclerosis were looked at carefully in another Juliet inspired project. The assumption has been made that osteophyte and sclerosis parallel each other, are co-expressions of whatever OA is. Examining specimen femoral heads, some with marked osteophyte others with sclerosis, using DEXA and texture analysis showed that this was not true (29) . An inverse relationship exists between osteophyte and sclerosis. Indeed, her work suggests that there may be two quite different processes in the OA joint, perhaps healing (osteophyte) and failure (sclerosis). There must be many more 'discoveries' of this sort waiting to be made by others who, like Juliet Rogers, are prepared to take time and care examining skeletons for signs of pathology.
OTHER PRIMATES
Humans are not the only animals to get arthritis, and they are not alone in sometimes bequeathing their skeletons for study by future generations. In the 1990s, with the help of Keith Lim, we compared hand OA in macaques and humans (30) and found that while distal interphalangeal joint disease was common in both species, thumb base OA was very rare in the macaques. This finding adds to the extensive evidence that joint utilisation is a major aetiological factor in OA, and supports the 'evolutionary hypothesis of OA' put forward by Charles Hutton (31) . This led to other primate studies, and, in the late 1990s Juliet gained access to an extraordinary collection of non-human primate skeletons held at the Powell-Cotton Museum in England. She and Fiona Mair studied these skeletons, and showed that the distribution of their arthritis was clearly related to the type of joint utilisation (32) .
FUTURE DIRECTIONS
The untimely early death of Juliet Rogers has left a void in the study of musculoskeletal diseases through skeletal paleopathology. There is still much to be done. The application of other technologies to study, for example, the shape of joints and bone densitometry in skeletons, was work that Juliet Rogers was just beginning to get into. Many more valuable insights will accrue if others can take this work forwards. However, her contributions, apparent in numerous publications that appeared over a 22-year period (26, 33) , were peerless. This was a technique introduced by Dr Rogers to make it easier to detect pathology in the skeletons she examined.
